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Excitation function studies for deep inelastic processes in19F127Al collisions
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The excitation functions for different fragments produced in the19F127Al reaction have been measured in
the incident energy range 113.5–130.0 MeV in steps of 250 keV. The detection of the outgoing fragments in
a large solid angle allowed a study of the excitation functions for different@total kinetic energy loss~TKEL!,
qc.m.# windows. Large fluctuations have been observed in all the excitation functions analyzed in this work.
TheZ and angular cross correlation analysis does not support a compound nucleus origin of these fluctuations.
The coherence widths extracted from the energy autocorrelation function~EAF! and by the peak counting
method do not show, within errors,qc.m., Z, or TKEL dependence. The lifetime of the dinuclear system~DNS!
19F127Al is found to be equal with the DNS’s rotation period. This could explain the secondary structures
evidenced in the EAF. A reaction mechanism involving the excitation of the DNS in intermediate states of
molecular nature is supported by this experimental evidence.@S0556-2813~98!00105-8#

PACS number~s!: 25.70.Lm, 24.60.Ky
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I. INTRODUCTION

Experimental studies of the correlations between differ
observables in19F127Al, 19F112C, 27Al127Al, and 27Al
112C collisions at 111.4, 125.0, 136.9, and 140.1 MeV e
denced that even for such light combinations, in this ene
range, a full dynamics specific for deep inelastic proces
from quasielastic down to complete damping is present@1–
5#. The interaction time extracted from the angular distrib
tions of Z59 fragments for a19F127Al collision at Elab
5111.4(136.9) MeV increases fromt int51.3(0.7)310222 s
to t int59.4(7.7)310222 s as the final total kinetic energ
~TKE! decreases from the quasielastic towards the comp
damping region@1,3#. This shows that these processes co
a wide time scale from fast to slow ones relatively to t
passing time value of'5310222 s.

The experimental evidence of the fluctuations in the ex
tation function for dissipative heavy ion collisions~DHIC’s!
@6# allowed the study of the time evolution of the dinucle
system~DNS! formed in the early stage of the collision wit
a new method, based on statistical analysis@7#. This method
was used to study the time evolution of the DNS with d
ferent mass asymmetries where the mass of the comb
system was lower than 108@6,8–13#. Strong fluctuations
have been evidenced in the excitation functions of the di
pative processes for all these combinations though the ex
sion of Ericson fluctuation theory to DHIC’s predicts stro
damping with the increasing mass@14#. Their persistence is
explained in the framework of the partially overlapping m
lecular level model~POMLM! @15#.

The study of the excitation functions for19F127Al colli-
sion in the energy intervalElab5113.52130.0 MeV reported
in the present paper has been performed in order to comp
the information on the dinuclear system configuration and
time evolution obtained from our previous measureme
570556-2813/98/57~5!/2359~11!/$15.00
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@1,3,16#. The experimental device allowed us to study t
lifetime dependence of thisa-nonconjugate DNS as a func
tion of the charge numberZ, emission angleqc.m., and total
kinetic energy loss~TKEL!, in contrast with previous works
where similar studies have been done integrating on
TKEL.

II. EXPERIMENTAL METHOD

The experiment was performed at the SMP Tandem
celerator from LNS-Catania. Self-supporting27Al targets of
39 mg/cm2 were used. Thus, the energy loss in the tar
('75 keV! was much lower than the energy increment
250 keV~147 keV in the center of the mass system! used for
the excitation function. The beam current was measured w
a tantalum-plated Faraday cup provided with an electr
suppressing guard ring.

The outgoing fragments were detected and identified
ing the experimental device DRACULA@17,18# from which
only the large area position sensitive ionization chamb
~IC’s! and the associated parallel plate avalanche counte
front of them were operated. The IC’s were filled with a
Ar~90%!1CH4~10%! mixture at 243 torr. The polar and az
muthal angles spanned by the IC’s areDq524° andDw
54°, respectively. The energy resolution at the elastic p
was 2.5%, the angular resolution 0.5°, and the charge r
lution better than 0.3 charge units.

Continuous measurements in the angular range from 3
54° in the laboratory system~LS! have been previously don
for the 19F127Al collision at 111.4, 125, and 136.8 MeV
using this experimental setup@1,2#. Based on the represen
tations of the double differential cross sectio
d2s/dTKE dqc.m. as a function ofqc.m. and TKE obtained
in these measurements, an optimum position of the exp
mental setup for measuring the excitation function for de
2359 © 1998 The American Physical Society
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2360 57I. BERCEANU et al.
inelastic processes in19F127Al collisions has been estab
lished. In this experiment the IC’s were centered at 27°
the LS to avoid the ridge developed in the Wilczynski plot
angles slightly below the grazing value. Hence the angu
range 15°<q lab<39° (qc.m.'20°270°) was continuously
covered in a single measurement for each incident ene
Consequently, the quasielastic component of the ene
spectra is suppressed (qgr

lab510.6° for the lowest inciden
energy!.

Figure 1 shows an example of aZ identification matrix
using one of the possible configurations of the specific
ergy loss (DE) and residual energy (Eres). The obtained
TKE spectra forZ56212 fragments are shown in Fig. 2 fo
one of the bombarding energies,Elab5125 MeV. The arrows
at low TKE indicate the total kinetic energy corresponding
complete energy dissipation@19#. Small elastic and quasi
elastic components are present in the energy spectrumZ
59 fragments. Only the dissipated component is presen
the energy spectra of the other reaction products. Becaus
the energy thresholds of the IC’s, the energy range co
sponding to complete dissipation is covered only forZ<9
fragments. The energy spectra are corrected for nuc
evaporation using an iterative procedure as described in
@20#. The available excitation energy was shared proporti
ally with the masses of the two reaction products and a
rametrization of the neutron and proton separation ener
as a function of theN/Z ratio in the mass region up to 50 ha
been used@1#. The shape of the corrected TKE spectra is n
changed by this correction. However, the most probable t
kinetic energieŝTKE& shift towards larger energies by 3 –
MeV.

III. EXPERIMENTAL RESULTS

A sample of double differential cross sectio
d2s/dTKE dqc.m. for different Z values is given in Fig. 3.
In this work are presented the results relative to the exc
tion functions for the ranges inZ, qc.m., and TKEL listed in

FIG. 1. Identification matrix for the19F127Al reaction at the
incident energyElab5120 MeV.
n
t
r

y.
gy

-

in
of

e-

on
ef.
-

a-
es

t
al

-

Table I. The corresponding windows of the TKEL andqc.m.
can be followed in Fig. 3. The TKEL ranges were chosen
avoid the ridge of the Wilczynski plot corresponding to t
complete energy dissipation which is rather well develop
for the fragments withZ<Zproj as can be seen in Fig. 3.

The angular distributions forZ56 and 8 fragments core
sponding to the three TKEL windows, at the bombardi
energy Elab5113.5 MeV, are presented in Figs. 4~a! and
4~b!, respectively. Even for this limited angular range o
can see the specific trend of DHIC angular distributions
decreasing slope as a function of the TKEL. The isotropy
reached only for theZ56 reaction fragment for the W5 win
dow which corresponds to the largest energy loss consid
in this paper.

The points of an excitation function represent the num
of events integrated on a~TKEL, qc.m.) domain for a givenZ
value normalized to the corresponding collected charge.
excitation functions corresponding toZ values and~TKEL,
qc.m.) windows from Table I can be followed in Figs. 5–7
They display fluctuations with amplitudes larger than the s
tistical errors. A first inspection of these excitation functio
shows that~i! the fluctuations persist when changing t

FIG. 2. Total kinetic energy spectra forZ56212 reaction prod-
ucts in the 19F127Al collision at the bombarding energyElab

5125 MeV. The arrows at low TKE values indicate the ener
corresponding to fully relaxed processes following the formula
Ref. @19#.
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57 2361EXCITATION FUNCTION STUDIES FOR DEEP . . .
TKEL or/andqc.m. domains of integration;~ii ! for different
Z values the fluctuations are strongly correlated, mainly
Z,Zproj .

IV. STATISTICAL ANALYSIS

The fluctuations observed in the excitation functions w
studied in the framework of a statistical analysis. In order
establish their nature, the cross correlation coefficients
correlation functions were calculated using general defi
tions and the results were compared with the predicti
given by Ericson fluctuation theory and by approaches
veloped to describe fluctuation phenomena observed in
excitation functions of DHIC’s.

FIG. 3. The~TKEL, qc.m.) windows forZ56212 fragments at
the incident energyElab5125 MeV.

TABLE I. TKEL, qc.m., and Z ranges used for the excitatio
function studies.

TKEL ~MeV! qc.m. ~deg! Z

W1 2062.5 35–40 6–12
W2 2062.5 whole range 6–12
W3 3062.5 35–40 6–12
W4 3062.5 whole range 6–12
W5 4062.5 whole range 6–11
r
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A. Cross correlation analysis

The Z and angular cross correlation coefficients ha
been calculated using the following expression@21#:

Ci j 5K S s i~E!

s ī~E!
21D S s j~E!

s j̄~E!
21D L @Ri~0!Rj~0!#21/2,

~1!

where

FIG. 4. Angular distributions for~a! Z56 and~b! Z58 reaction
products from the19F127Al collision at Elab5113.5 MeV. The val-
ues of the W2, W4, and W5 windows are defined in Table I.

FIG. 5. Excitation functions forZ56212 fragments for~a!
~TKEL, qc.m.)PW1 and~b! ~TKEL, qc.m.)PW2.
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2362 57I. BERCEANU et al.
Ri~0!5K F S s i~E!

s ī~E!
D 2

21G L .

The indexi ( j ) representsZ or qc.m., angular brackets rep
resent the average over incoming energy, ands ī(E) is the
averaged cross section used for removing the gross en
trend of the measured excitation functions. Ericson the
predictsZ cross correlation coefficients equal to zero w
some variation due to the finite range of data~FRD! and a
small angular coherence width~of the order of '1/l gr ,
wherel gr is the grazing angular momentum and has an av
age value equal to 48\ for 19F127Al collisions in this energy
range! @22#.

The values ofZ cross correlation coefficients,CZ1Z2
, with

FRD errors, for windows W1–W5 are reported in Tabl
II–VI. The gross energy dependence of the excitation fu
tions was corrected calculatings ī(E) as a moving Gaussia
average with a width at half maximum ofDc.m.52.6 MeV.
The dependence of theCZ1Z2

values on the averaging inte

val Dc.m. was studied. A decreasing of theCZ1Z2
values from

5% to 17% was observed when thes ī(E) was calculated
using Dc.m.54.4 MeV. For instance, the values 0.5960.10,
0.7560.06, 0.6160.06, 0.4860.07, and 0.5160.08 for the
C6Z2

(Z257, 8, 10 – 12! coefficients were obtained for th
W3 window instead of those from the first row of Table IV
Nevertheless, most of theCZ1Z2

coefficients remain large

FIG. 6. Excitation functions forZ56212 fragments for~a!
~TKEL, qc.m.)PW3 and~b! ~TKEL, qc.m.)PW4.
gy
y
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-

than 60% except those for the W1 and W3 windows wh
are in the vicinity of the geometrical cuts~see the Wilczynski
plots in Fig. 3!.

For the angular correlation study a set of excitation fun
tions in the bombarding energy rangeElab5116.752122.25
MeV was obtained for the three TKEL ranges given in Tab
I. The available angular range forZ5628, 10 fragments
was divided in bins of 2°. The values of the angular cro
correlation coefficients are large on the whole angular ran
Detailed results of this analysis will be published elsewhe

Based on this cross correlation analysis one can conc
that the fluctuations observed in the present excitation fu
tions are not of compound nucleus origin.

B. Energy autocorrelation function

The energy autocorrelation function~EAF! has been cal-
culated with@22#

TABLE II. Z cross correlation coefficients for the W1 window

Z 6 7 8 10 11 12

6 1 0.5260.06 0.1660.05 0.1560.10 0.3560.07 0.3560.07
7 1 0.2860.05 0.1760.05 0.5160.06 0.7560.07
8 1 0.4260.05 0.2660.06 0.7560.07
10 1 0.2560.06 0.1460.07
11 1 0.3960.08
12 1

FIG. 7. Excitation functions forZ56211 fragments for
~TKEL, qc.m.)PW5.
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57 2363EXCITATION FUNCTION STUDIES FOR DEEP . . .
C~«!5K S s~E!

s̄~E!
21D S s~E1«!

s̄~E1«!
21D L , ~2!

where« is the energy increment in the center of mass sys
~c.m.s.!.

Ericson predicted for the EAF of the excitation functio
for the compound nucleus reactions in the region of overl
ping resonances a Lorentzian form

C~«!5
12yd

2

N

G2

G21«2
, ~3!

whereG is the energy correlation width of the fluctuation
yd the relative contribution of the direct processes to
cross section, andN the number of independent microcha
nels contributing to the studied excitation function. In@14# a
similar expression for the EAF for dissipative processes
been obtained taking into account the correlation betw
partial waves with different angular momenta. Because
the consideration of the angular momentum coherence,
the EAF andG become dependent on the emission angle

C~«,q!5
1

N

G~q!2

G~q!21«2
. ~4!

Hence, calculating the experimental EAF using Eq.~2! it is
possible to determine the energy correlation width of
fluctuations in the DHIC excitation function using expressi
~4!.

The energy-averaged cross sections̄(E) has been calcu
lated using also a moving Gaussian averaging procedure
optimum averaging intervalDc.m.

opt was determined investigat
ing the dependence ofC(0) on the averaging intervalDc.m.
@23#. This is a curve with a plateau reached whenDc.m.'G
and which extends untilDc.m. becomes equal with an even
tually existing larger energy correlation width. In this regio

TABLE III. Z cross correlation coefficients for the W2 window

Z 6 7 8 10 11 12

6 1 0.6460.06 0.5560.05 0.5160.06 0.6760.07 0.4360.07
7 1 0.8760.05 0.7660.05 0.7160.06 0.7260.07
8 1 0.8460.05 0.6960.06 0.4060.07
10 1 0.6060.06 0.2860.07
11 1 0.4560.08
12 1

TABLE IV. Z cross correlation coefficients for the W3 window

Z 6 7 8 10 11 12

6 1 0.6360.06 0.8060.05 0.6460.06 0.5860.07 0.5460.07
7 1 0.7760.05 0.6460.05 0.6460.06 0.3560.07
8 1 0.7560.05 0.6660.06 0.3160.07
10 1 0.6560.06 0.2860.07
11 1 0.2360.08
12 1
m
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the value ofC(0) begins to increase again. The optimu
Dc.m. is considered to be the value just before this seco
increase@23#.

Figure 8 showsC(0) versus the averaging interval for th
excitation functions corresponding to the W3 window. F
Z511 and 12 a second rise ofC(0) is well evidenced. For
Z56 and 7 such a tendency is less pronounced while foZ
58 and 10 the plateau remains even forDc.m. as large as the
whole measured interval~9.7 MeV!. The curve correspond
ing to a Lorentzian fit for theZ510 fragment EAF calcu-
lated with Dc.m.59.7 MeV describes quite well the exper
mental trend as can be seen in Fig. 9~a!. The fit of theZ
58 fragment EAF calculated with the same value ofDc.m.
gives aG value of '400 keV. However, the first points o
the EAF («,1 MeV! are not very well described by th
Lorentzian distribution of this width. For the few cases
this kind the optimum averaging interval was decided tak
into account both aspects: the value at which a possible
ond rise inC(0) appears correlated with the value for whic
a Lorentzian fit shows a good agreement with the experim
tal EAF. The arrows in Fig. 8 indicate the optimumDc.m.
determined for eachZ value. In this way, in the presen
analysis only coherence widths for the narrowest fluctuati
of the excitation functions were obtained. In fact, for any
the studied excitation functions a second plateau in the
resentation of theC(0) as a function ofDc.m. was not evi-
denced. Consequently, it was not possible to evaluate for
observed fluctuations more than one coherence width by
procedure.

The EAF’s for the W3 and W4 windows are presented
Figs. 9~a! and 9~b!, respectively. The energy averaged cro
sections̄(E) was calculated withDc.m.

opt . Similar EAF’s were
obtained for the W1, W2, and W5 windows. The ener
correlation widthsG were determined by fitting with a
Lorentzian form the structure from«50 of the EAF’s. The
dashed lines in Fig. 9 are the result of this fit. The errors
the G values were estimated to be'35%, the statistical,
FRD, and gross trend correction contributions being alm
equal. In the evaluation of the last contribution it was co

TABLE V. Z cross correlation coefficients for the W4 window

Z 6 7 8 10 11 12

6 1 0.8760.06 0.8760.05 0.7960.06 0.8060.07 0.4160.07
7 1 0.9360.05 0.8060.05 0.8460.06 0.4160.07
8 1 0.8360.05 0.8160.06 0.3860.07
10 1 0.7660.06 0.4460.07
11 1 0.4160.08
12 1

TABLE VI. Z cross correlation coefficients for the W5 window

Z 6 7 8 10 11

6 1 0.9560.05 0.9560.05 0.9360.05 0.8560.05
7 1 0.9360.05 0.9260.05 0.8360.06
8 1 0.9460.05 0.8660.05
10 1 0.8860.06
11 1
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2364 57I. BERCEANU et al.
sidered that the optimum averaging interval could be e
mated with an error of60.295 MeV~c.m.s. energy interva
between three experimental points!. The G values for the
windows W1–W5 are represented as a function ofZ in Fig.
10~a!.

The correlation energies for the W1–W5 windows ha
been also calculated by the peak counting method~PCM!
using the following expression@24#:

FIG. 8. C(0) as a function of the averaging intervalDc.m. for the
excitation functions of theZ56 – 8, 10 – 12 fragments with
~TKEL, qc.m.) PW3. The arrows indicate the optimumDc.m. deter-
mined following the procedure suggested in Ref.@23# for each ex-
citation function.

FIG. 9. ~a! The EAF for the excitation functions forZ5628,
10212 fragments with~TKEL, qc.m.)PW3. ~b! The EAF for the
excitation functions forZ5628, 10212 fragments with~TKEL,
qc.m.)PW4. The dashed curves represent the best fit with a Lore
function of the EAF points with«,1. The reported errors of theG
values include the statistical and FRD errors.
i-

G~MeV!50.55/K,

whereK is the number of peaks per energy unit in the c
responding excitation function. The effect of the number
unresolved microchannels contributing to the studied exc
tion function was not considered. There are studies wh
have shown that this effect is smaller@24,25# than initially
proposed@26#. The results are presented as a function ofZ in
Table VII and Fig. 10~b!. The FRD errors have been est
mated using the result of the synthetic excitation funct
analysis@25# corresponding to the present number of ind
pendent experimental points,n'45.

Within the errors, Figs. 10~a! and 10~b! do not show any
clearqc.m. or Z dependence of the correlation energy as e
denced in Refs.@10,12#. There is no clear evidence of
dependence on the TKEL of theG. TheG values obtained by
the PCM are systematically larger than those obtained fr
the energy autocorrelation function as was already sho
@25#. The values of the coherence width obtained by th

tz

FIG. 10. ~a! The coherence energies determined by EAF meth
as a function ofZ for the W12W5 windows. ~b! The coherence
energies determined by the PC method as a function ofZ for the
W12W5 windows.
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TABLE VII. Coherence energies in keV obtained by the peak counting method.

Z 6 7 8 9 10 11 12

W1 260626 247625 232623 254625 247625 237624 232623
W2 266627 232623 232623 254625 232623 242624 266627
W3 253625 266627 266627 266627 242624 237624 237624
W4 247625 232623 260626 254625 232623 242624 254625
W5 232623 260626 237624 266627 260626 260626
v

f
o
e
fe
is

ex

fin

om

-

ld

p-
y

t
se
m

-
en-
ich

f

ular

a-

cal-
al
ber

is
iod
ro-

tic

an-
w-
for-

om
methods can be considered grouped around the average
uesGEAF5(170665) keV andGPCM5(248630) keV. The
corresponding lifetimes of the dinuclear system aretEAF
5(3.961.1)310221 s andtPCM5(2.660.2)310221 s.

Besides the Lorentzian structure at«50, the EAF’s given
in Figs. 9~a! and 9~b! present oscillations with periodicity o
'1 MeV. The presence of these oscillations in the EAF
the excitation functions for dissipative processes has b
predicted taking into account the interference between dif
ent revolutions which can occur when the DNS lifetime
larger than the DNS rotation periodT52p/v. The energy
period of these oscillations is«c5\v @27,28#. The angular
velocity of the DNS is given byv5 l /Jrel , wherel andJrel
are the angular momentum and moment of inertia in the
channel, respectively.

The dependence of the«c on the moment of inertia allows
us to have an estimate for the separation distance of the
fragments at the scission, by comparing the«c value with the
experimental periodicity. It has been usually obtained fr
the most probable energies in the final channels,^TKE&
@29,30#.

The ^TKE& for the Z,Zproj andZ59 fragments with an
error of 60.5 and61.5 MeV, respectively, could be evalu
ated from the TKE spectra. ForZ.Zproj an estimation of
^TKE& was not possible due to the larger energy thresho
of the IC’s mentioned before. ThêTKE& values for Z
,Zproj fragments present a variation of'3 MeV on bom-
barding energy range. As an example, for theZ58 reaction
product the^TKE& is '35 MeV at 113.5 MeV and'37.5
MeV at 130 MeV. The separation distancesd510.7 and 11.3
fm for 16O130Si fragmentation were obtained from̂TKE&
for Elab5113.5 and 130.0 MeV, respectively. It was su
posed that̂ TKE& equals the final channel barrier given b
Coulomb and centrifugal energies@29#.

The calculated periodicity«c can be obtained withou
considering angular momentum dissipation and in this cal
was taken at the middle of the entrance channel angular
mentum window,l 5( l cr1 l gr)/2 (l cr is the critical angular
al-

f
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al
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momentum!. For l cr a value of 35.5\ was estimated using a
formula given in Ref.@31#. When the dissipation of the an
gular momentum is taken into account the angular mom
tum in the final channel was considered to be the one wh
corresponds to the sticking configuration,l st5 l (1
2Jint /Jtot), whereJint is the fragment intrinsic momenta o
inertia andJtot5Jint1Jrel .

Table VIII reports the«c values for the19F127Al system
obtained for the above assumptions relative to the ang
momentum and calculatingJrel for two situations:~i! nonde-
formed fragments in the final channel~lines 1, 4!,

Jrel51.044mr 0
2~A1

1/31A2
1/3!2, r 051.3, ~5!

and ~ii ! deformed fragments in the final channel with sep
ration distancesd510.7 and 11.3 fm~lines 2, 5 and 3, 6,
respectively!,

Jrel51.044md2. ~6!

As one can see, the experimental periodicity agrees with
culated «c values only when the deformation in the fin
channel is considered. For this situation the average num
of rotations is'1. When the deformation of the fragments
not considered the DNS lifetime exceeds a rotation per
but the periodicity of the secondary structure is not rep
duced anymore.

From Eq.~4! one can conclude that for the deep inelas
processesC(0) ~the value of the EAF for« 5 0! should give
information about the effective number of independent ch
nels, N, contributing to the measured cross section. Ho
ever, during the analysis of the present experimental in
mation a significant sensitivity ofC(0) to the size of the
angular range was not observed@compare the values ofC(0)
for W1~W2! window with those for W3~W4! from Table
IX #. One has to note that theC(0) values from Table IX are
the least sensitive quantities to the averaging interval fr
TABLE VIII. Calculated period of the secondary structures of the EAF.

l Jrel v T tEAF /T «c

\ (10242 MeV s2) (1021 s21) (10221 s) ~rotations! ~MeV!

l 542 6.3 4.2 1.5 2.5 2.78
12.5 2.1 3.0 1.3 1.4
13.9 1.9 3.3 1.2 1.3

l st530 6.3 3.0 2.1 1.8 1.95
l st535.5 12.5 1.8 3.5 1.1 1.2
l st536.2 13.9 1.7 3.8 1.0 1.1
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the present analysis. In order to get a deeper insight into
effect of enlarging the integration interval onC(0), the
summed excitation functions on W2, W3, and W5 were o
tained forZ56211 fragments. The amplitude of the fluc
tuations are not smeared out in the summed excitation fu
tions. The EAF’s for these excitation functions we
calculated and theC(0) values are reported in the last row
Table IX. Comparing these values to those correspondin
the W2, W4, and W5 rows one could see that they do
decrease very much when the integration interval increa
by a factor of 3. A similar behavior can be observed for t
C(0) values calculated for the excitation functions of t
19F189Y system@9#. As an example, theC(0) values ob-
tained for the excitation functions measured atq lab5160°
for Z58, 10, and 11 fragments are 0.0045, 0.0056, a
0.0070, respectively, and theC(0) for the summed excita
tion function for all these fragments is 0.0041. These asp
agree with the observation that the interpretation ofC(0) is
not so clear for deep inelastic processes due to the weigh
factors which have to be considered for independent st
contributing in a given~TKEL, qc.m.) domain@32#.

V. DISCUSSION

The DNS lifetime determined in the present work by t
EAF method,tEAF5(3.961.1)310221 s, is larger than the
lifetime extracted from angular distributions forZ59 frag-
ments in the previous studies of deep inelastic processe
19F(111.4 MeV)127Al and 19F(136.9 MeV)127Al colli-
sions@1,3#. For comparison the DNS lifetimes as a functio
of TKEL obtained in@1,3# for the case of no intrinsic rota
tion of fragments after separation (t int) and for the case of a
sticking limit (t int

st ) are presented in Tables X and XI. Th
TKEL ranges of the W1 and W3 windows correspond a
proximately to the second and fourth windows from Table
and to the fourth and sixth windows from Table XI. Simil
differences have been reported in Ref.@8# for the 19F189Y
system.

The composite system22
46Ti studied in this paper was no

included in the classification concerning the prediction
the molecular resonance observation in elastic and inela
scattering in the framework of the orbiting cluster mod
@33,34#. The nearest system for which such predictions a
measurements have been done is thea-like isotope 22

44Ti.
Recently, the excitation functions of this composite syst
for the fusion reaction of12C1 32S have been analyzed@35#,
the coherence energy of 235631 keV (251635 keV! being

TABLE IX. C(0) values for the excitation functions corre
sponding to the W1–W5 windows and for the excitation functio
summed on the W2, W4, and W5 windows.

Z 6 7 8 10 11

W1 0.177 0.043 0.030 0.047 0.055
W2 0.059 0.031 0.025 0.031 0.041
W3 0.035 0.032 0.029 0.033 0.052
W4 0.025 0.028 0.021 0.018 0.029
W5 0.022 0.032 0.024 0.030 0.036
W21W41W5 0.022 0.029 0.022 0.023 0.026
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determined for a 110 keV~220 keV! energy increment using
the spectral density method~SDM!. TheG values obtained in
the present work are in good agreement with these data
sidering that the SDM gives larger values ofG than the EAF.

A summary of theG values as a function ofZ for DHIC’s
is presented in Fig. 11. The bombarding energy range
qgr corresponding to the lowest incident energy are m
tioned for every system. In Fig. 11~a! are represented, fo
simplicity, the G values obtained for the19F127Al system
using the EAF for W2 and W5 windows. One can see t
the measurement of the excitation function for t
19F127Al system is done on the largest energy interval. T
allowed us to obtain cross correlation coefficients andG val-
ues with small FRD errors. The data obtained from t
12C 124Mg collision excitation function measured on an i
cident energy interval larger than those for the systems
sented in Figs. 11~b!–11~f! are not included in this figure
because the observed fluctuations wash out when one
grates on the TKEL@8,32#.

One could see thatG values for the19F127Al system
agree better with the values for other systems when they
obtained using the same method. The SDM always gi
larger G values relative to the ones obtained by the EA
procedure @see Figs. 11~b!, 11~c!#. The data for the
19F189Y system from Ref.@9# have been analyzed by th
SDM in Ref. @10#.

As was mentioned before, theG values reported in the
present work do not showqc.m. or Z dependence. TheG
values reported for the other systems, except that obtaine
the EAF method for19F189Y, show a clear dependence onZ
and/or the observation angle. One possible explanation o
different pattern of theG values as a function ofZ for the
19F127Al system could be the fact that the present measu
ment was done at angles larger than the grazing angle, w
in the cases where a pronouncedZ dependence was evi
denced the observation angle was smaller than the gra
angle (28Si164Ni and 28Si148Ti systems!. Another explana-
tion could be that for the systems from Figs. 11~b!–11~f! the
excitation functions have been obtained integrating over
whole range of the TKEL. In the present study the contrib
tion from the quasielastic component is almost excluded. T
contribution of the quasielastic events not excluded for s
tems from Figs. 11~b!, 11~d!–11~f! could produce aG depen-
dence of this pattern, namely, largerG values for reaction
products having atomic numbers nearZproj . The authors of
these papers introduced contributions from a fast and s
mechanism in different ratios, determined on the basis of
angular distribution analysis, to explain the observed patt
of G as a function ofZ. For the 19F189Y system the excita-
tion functions forq lab560°, 120°, and 160° have been me
sured. TheG values obtained by the EAF method@9# do not

TABLE X. Lifetimes in 10222 s units extracted from the angula
distribution of theZ59 fragments for19F(111.4MeV)127Al colli-
sions@1#.

TKEL
~MeV! 39.4–33.4 33.4–27.4 27.4–21.4 21.4–15.4 15.4–

t int 4.3 3.1 0.8 0.7 0.6
t int

st 9.4 6.8 1.8 1.5 1.3

s
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TABLE XI. Lifetimes in 10222 s units extracted from the angular distribution of theZ59 fragments for
19F~136.9 MeV!127Al collisions @3#.

TKEL ~MeV! 54.4–48.4 48.4–42.4 42.4–36.4 36.4–30.4 30.4–24.4 24.4–1

t int 3.5 2.2 1.7 1.2 0.9 0.7

t int
st 7.7 4.8 3.8 2.6 2.0 1.5
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present an angular dependence and theZ dependence is very
weak as can be seen from Fig. 11~c!. Only for the data ana-
lyzed by the SDM has theZ dependence been evidenced.

The analysis of the excitation functions for differe
TKEL values was started with the idea to evidence a TK
dependence of theG values. However, such a dependen
was not found in the considered TKEL range. Before co
cluding that the EAF method is not sensitive to the TKE
studies on larger TKEL ranges are required. This is s
ported by the observation that theG values for the lowest
TKEL window W2 are larger than those for the large
TKEL value W5 for allZ fragments as can be seen in Fi
10~a! where with a solid~dashed! line are connected theG
values for the W2~W5! window.

Recently, a unified description of the fluctuation pheno
enon in the elastic, inelastic, and dissipative collisions

FIG. 11. The comparison of coherence energies obtained
DHIC’s in the 19F127Al system with the coherence energies f
dissipative processes in other systems:~a! present work;~b!, ~c!,
~d!, ~e!, ~f! data from Refs.@6,9–11,36#, respectively. The angle
are in the LS, except for panel~d! where they are in the c.m.s.
-
,
-

t

-
f

light heavy ions has been realized in the framework of
POMLM @15#. The POMLM was based on the observatio
that for dissipative heavy ion collisions in the energy ran
5–10 MeV/nucleon the entry region of the excitation of t
DNS in the (Ec.m.,l ) plane is near the yrast line. The Ericso
formalism conditionG@D ~totally overlapped states! is re-
laxed to G>(1230)D which does not destroy completel
the correlation between the final channels.

In order to explain the large correlation between differe
final states observed in DHIC’s, the hypothesis has been
vanced that only a few special final states are selectiv
populated and these can decay by equilibrium or preequ
rium light particle or gamma ray emission@37#. Measure-
ments of gamma rays in coincidence with projectilelike fra
ments ~PLF’s! showed a statistical deexcitation of th
fragments emitted in the DHIC’s28Si, and 32S164Ni at 5
MeV/nucleon @37#. Nonstatistical gamma rays have be
found to be emitted in coincidence with PLF’s from qua
elastic 28Si164Ni collisions at 143 MeV@38#. This experi-
mental evidence gives support to the POMLM hypothe
that the reduced amplitudes are random variables wit
Gaussian distribution.

The entry region of the DNS19F127Al in the present
experiment is a few MeV above the calculated yrast l
using the formula of Ref.@33#. The fluctuations observed in
the excitation functions for dissipative processes
19F 127Al collisions could be due to the excitation of th
DNS in the low density region of the rotational states. T
results of the statistical analysis for the excitation functio
the large cross correlation coefficients for channels with d
ferentZ numbers, the large angular cross correlation coe
cients, and the pattern of theG values as a function ofZ are
described qualitatively in the framework of the POMLM.

VI. CONCLUSIONS

The measurements of19F127Al collisions in the energy
interval 113.5–130.0 MeV with detection of the outgoin
fragments in a large solid angle and energy range allowe
to study the excitation functions of the fragments w
atomic numberZ56212 for different ~TKEL, qc.m.) do-
mains. Large fluctuations are present in all considered e
tation functions. TheZ and angular cross correlation analys
shows that these fluctuations are not of compound nuc
origin. The coherence energies obtained by the energy a
correlation function and peak counting method do not sho
within the errors, aqc.m., Z, or TKEL dependence. The life
time of the 19F127Al DNS extracted from the coherenc
width is equal to a DNS rotation period which could expla
the secondary structures evidenced in the EAF. Interpre

or
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the secondary structures in the EAF as due to the interfere
between different revolutions, the agreement between the
perimental oscillation and calculated periodicity is obtain
considering deformed fragments in the final channel.

Experimental evidence from the present work suppo
the idea of a reaction mechanism involving the excitation
the DNS in intermediate states of molecular nature as p
posed by the POMLM@15#.
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